Superstring theories command the study of their various possible compactifications, and their consequence physics. Thus, the role of topology is likely to be far more central, in particular in ten-dimensional physics. Topological invariants on a chain of oriented strings in interaction are discussed. Attempts to link superstrings with the reality of the physical world in four dimensions are discussed.
INTRODUCTION
Superstring theories1 are natural candidates for unified theories containing gravity. They are supersymmetric: Local supersymmetry broken (gravitino mass # 0). Effective low-energy theory (supersymmetric gauge theory:
rng, mi # 0). They are anomaly free, only if the Yang-Mills symmetry group associated with them are SO(32) and E 8 X E8. 293 They exist in ten-dimensions do not involve any arbitrary parameter, where capital letters are in the range of 0 to 9, V is the covariant derivative defined with the Christoffel symbol Tic,
I
R is known as the Ricci form as it is just the complete structure times the Ricci tensor, F is the field strength, g is a metric tensor, and cc is a fermion zero mode of the Dirac Operator on the compact manifold. This action is the boson part, including the extra Chern-Simons term discovered by Green and The same, Gross et ~l . ,~ in heterotic superstring theory found at the lowest nontrivial order in al, promising solutions of the effective field equations for massless fields, where the internal six dimensions compactify on a space with a Ricciflat Kiihler metric.6 These lowest-order solutions have the important property of preserving an h' = 1 supersymmetry in the effective four-dimensional theory.
Corrections to the effective fields equations at higher orders in a', which will lead to modifications of the Ricci-flat Kiihler solutions, have been also investigated.*
Superstring theories command the study of their various possible compactifications, and their consequence physics. Thus, the fundamental and interesting question would be: How to compactify superstrings in order to obtain a fourdimensional low-energy theory of our physical world from a ten-dimensional superstring? One must find an acceptable compactifying solution to the equations of motion (1-4) of the ten-dimensional effective theory. The low-energy theory of our physical world is, of course, four-dimensional and, therefore, some of the ten-dimensional must be compactified.
There are various options for compactifying, which depend on the compactification conditions in order to have consistent theories for any even dimensions.
Among these options, we have: The coset space compactification seems also to be interesting for type I1
superstring theories, which do not have gauge fields in ten dimensions.
In this case, some of the four-dimensional gauge fields can arise from the isometries of the compact coset manifold. Here, we will discuss the first choice. We would like to note that the expression of the action ( 5 ) leads for the groups E8 8 E8 and SO(32) to a superstring theory free of a n~r n a l i e s ,~,~ and that for the equations of motion (1-4) corresponding to this action, the Bianchi identities must be satisfied:I8 
Namely, if we have a surface that is topologically the same as a sphere with n handles attached, then the total curvature K is given by K(sphere with n handles) = 47r (1 -m) .
Thus, for the case of the torus,
The importance of knowing about manifolds with handles is this: Any closed x of a surface. Using this notation we rewrite our curvature formula as which is valid for any closed surface, where K and x are both topological invariants.
Remarks:
1. In Eq. (9), (1 -h ) 47r is the algebraic area off(s0) (f : so --f C is a spherical map) on C, i.e., the sum of the areas covered positively minus the sum of the areas covered negatively. Since 47r is the area of E, 1 -h represents the algebraic proportion of C that is covered by f ( s 0 ) (so is the parameter surface). 
4.
If h is very large, then K is negative on most of the surface. Figure 6 illustrates some closed surfaces with K curvature, and h handles.
Since we have compact manifolds with other than one handle, there is said to be a topological obstruction (first Chern class) to solving (7 are constructed [20] .
By an n-link L = (a', . . . an) will be meant an ordered collection ( a l , . . . an) of maps ai : S1 4 M where the image are to be disjoint ( a l ( S 1 ) 
Definition:
Let ILI = a1 U 0 2 be a link of two components. Let a1 n a 2 the set of crossings of a1 with a 2 . Then, the linking number N(L) for a given diagram is defined as:
where p runs over all crossings in the diagram.
Example:
This will conform with the usual right-hand rule. In order to do this we associate a sign E to each crossing,
Remarks:
1. Each closed loop a ' , . . . , a, generates the fundamental group G(L).
2. N is a topological invariant of links. The fikt invariants of knots were obtained by studying the complement of the knot in * and its associated knot group (or link group).
3. All knots and knot groups belong to the classical case (S' C S3 C S4).
4. An oriented knot (or link) is an imbedded circle S1 in X3. In a chain of oriented strings (or topologically equivalent a string to five rounds)
we can study its invariants and its index of Milnor [21] . a) Its invariants are:
where K ( = Kn) is the chain's function of the n-oriented string ( n is the number of rounds). Fig. 1 . Riemann surfaces for interaction strings. 
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